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264A6551 PERFORMANCE TEST STEAM SEAL FLOW CALCULATIONS :
oNT O BNIET D o ue, FIRST MADE FOR l
IT IS DESIRABLE TO KNOW THE STEAM SEAL FLOWS IN THE TURBINE. A CHANGE IN ANY OF [TEVISIONY
THESE FLOWS CAN INDICATE A CHANGE IN CONDITION OF THE TURBINE PACKINGS, WHICH IN
TURM MAY HAYE A SIGMIFICANT EFFECT O THE PERFORMANCE OF THE TURBINE.
STEAM FLOWS IN YHE STEAM SEAL SYSTEM CAM BE CALCULATED USING THE ORIFICE PLATES
AND FORVARD-REVERSE TUBES IN THE STEAN SEAL PIPING,
FORVARD-REVERSE TUBES
g=1890.07 02 K JAFiv
Q = STEAM FLON (Powns PER HOUR) deiy
D = PIPE 1.D. (INCHES) it pel]
¥ = FLOW COEFFICIENT = ,76 FOR ALL v:pr SIZES RTHI
AP = DIFFERENTIAL PRESSURE ACROSS FRT (PSI) i
v = SPECIFIC VOLUME, DEFINED BY PRESngE FROM LOW SI1DE ik
OF FRT AND STEAM TEMPERATURE {FT3/LB} ;;3;;??;;
[Lim i
i
ORLFICE PLATES ;E*;?{;é?f‘ |
fii il !
g = 1890.07 {p2)? KEY [aF £;§;;§?§z§
v iy
G = STEAH FLO (POUNDS PER HOUR) il »
Dy ORIFICE BORE DIAMETER {INCHES)
K = FLOM COEFFICIENT = C;
1 73 '
o
5 .
o Cop-={ DISCHARGE COEFFICIENT FROM “FLUID METERS" B0k’ by
©c T3 e |BASED ON THROAT DIAMETER, DIAMETER RATIO AND o
B @ Gl IREVNOLDS NUMBER, USING FLANGE TAPS, u
= =T Da ot
Ba o Fas [OINETER RATIO = il
E o V) b §é
i 'Q €3 In = PIPE INSIDE DIAMETER (IHCHES) g
W < }sn
BT E=1ed by AT =
LeunedOEFFICIENT OF THERMAL EXPANSION OF ORIFICE MATERIAL
(USURLLY STAINLESS STEEL Cy = 9 X 10°0 in/in/°F)
AT = TEWPERATURE OF FLUID MINUS TEMPERATURE AT WHICH ORIFICS
BORE YAS MEASURED {°F) WRICH 1S 70°F FOR THOSE THAT ARE
SUPPLIED,
t78240)
R ¥ = EMPIRICAL EXPANSION FACTOR. 979.41
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4P = DIFFERENTIAL PRESSURE ACROSS ORIFICE {PSI)
P = STATIC PRESSURE AT ORIFICE INLET (PSIA
4 = SPECIFIC HEAT RAVIO (APPROXTMATELY 1.3 FOR STEAM)
Y = STEAM SPECIFIC VOLUME AT TEMPERATURE AND PRESSURE AT INLET
+ OF ORIFICE.
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B&V 9255.62.1001,06-10045

INTERMOUNTAIN POWER PROJECT
TURBINE-GENERATOR UNITS 1 thru 4
IPA CONTRACT 2000N
B&YV PROJECT 9255.61,1001
GE TB-GEN 2707150 thru 2707153
GE CONTRACT NO. 90527

THERMAL KIT

| MECH FILE COPY {
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Description

Gland Leakages and Mechanical Losses
First Stage Shell Pressure

Expansion Lines

Notes for Expansion Lines
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" Exhaust Pressure Correction Factors

Net Heat Rate

Generator Losses

HP Turbine Internal Efficiency

Reheat Turbine Internal Efficiency

HP Expansion Line End Point

Reheat Expansion Line End Point

Exhaust Loss Curve

Correction to Expansion Line End Po1nts for
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Moisture Correction Factors

Initial Pressure Correction-

Initial Temperature Correction
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Curve Number

481 HB 4Tt
48] HA 472
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371 HA 416
481 HB 474
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452 HB 894
452 HB 895
476 HB 92
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820,000 KW 1.66/2.24/2.99 IN. HG. ABS. 1.0 PCT MUy
TC6F-30.0 IN. LSB 3600 RPM
2400 PSIG  1000/1000F

GLAND LEAKAGES AND MECHANICAL LOSSES

TO DETERMINE THE LEAKAGE FLOW IN #/HR., MULTIPLY THE FOLLOWING PACKING CONSTANTS BY THE YP/V
(AHEAD OF THE LEAKAGE). THE LEAKAGE THROUGH THE FIRST PACKING IN A SERIES WILL BE THE SUM OF
THE FLOWS TO THE PACKING LEAKOFFS FOLLOWING IT.
REFER 10 HEAT BALANCE DIAGRAM 481 HB 111 FOR IDENTIFICATION OF LEAKAGES. *
LEAKAGE NO. 182 2 3 445 5 6&7 7 8 9
PACKING CONSTANT 56 50 540 500 800 580 980 550 550
WHEN EXPANSION LINES FROM 481 HD 473 OR EXPANSION LINE END POINTS FROM 452 HB 894, 895 ARE USED
IN HEAT BALANCE CALCULATIONS, THE LEAKAGES SHOWN ON THIS SHEET MUST BE USED IN THE FEEDWATER
HEATING CYCLE.
THE 1ST OF 2 LEAKAGES CAN BE DETERMINED BY SUBTRACTING THE 2ND LEAKAGE FROM THE SuM OF BOTH
LEAKAGES AND THE PRESSURE AHEAD OF THE ZND LEAKAGE IS THE EXTRACTION STAGE PRESSURE T0 WHICH
THE 1ST OF THE 2 LEAKAGES CONNECTS INTO.

USE THROTTLE ENTHALPY FOR LEAKAGES 1 AND 2.

USE HIGH PRESSURE TURBINE EXHAUST ENTHALPY FOR LEAKAGES
4, 5, 6 & 7.

ENTHALPY FOR LEAKAGE 8 AND 9 CAN BE DETERMINED FROM TURBINE
EXPANSION LINES ON 481 HD 473 AT CROSSOVER PRESSURE ON
481 HB 470.

7800 LB/HR ARE REQUIRED BY THE STEAM SEALS. WHEN LEAKAGES
2, 5, 7, 8 & 9 COMBINED ARC LESS THAN 7800 LB/HR, THROTTLE
STEAM MUST BE USED.

(STEAM SEAL FLOW TO STEAM PACKING EXHAUSTER IS 4200 LB/HR
AT ALL LOADS.

~TO DETERMINE THE FIRST STAGE ENTHALPY AND PRESSURE USED TO CALCULATE LEAKAGE NO. 3, USE CURVE

481 HA 472 TO DETERMINE FIRST STAGE SHELL PRESSURE.

THE DESIGN FLOW AT RATED STEAM CONDITIONS IS 6256642 LB/HR. THE EQUIVALENT DESIGN FLOW AT ANY
OFF RATED CONDITIONS = 6256642

“iF NEW
86. 98
WHERE:
P NEW = NEW THROTTLE PRESSURE, PSIA
"/ NEW = NEW SPECIFIC VOLUME, CU. FT-./LB

ENTER CURVE # 481 Hh 472 WITH THROTTLE FLOW AT OFF RATED CONDITIONS TO DETERMINE FIRST STAGE
SHELL PRESSURE. DRAW EXPANSION LINE FROM HP TURBINE EXHAUST PRESSURE TO FIRST STAGE SHELL
PRESSURE (PARALLEL TO DESIGN HP EXPANSION LINE) TO DETERMINE FIRST STAGE SHELL ENTHALPY.
THROTTLE FLOW RATIO AT FIRST ADMISSION = 0.60
FIRST STAGE PITCH DIAMETER = 39.0
TURBINE-GENERATOR MECHANICAL LOSSES

1. 4936 KW FIXED LOSSES ARE NOT INCLUDED IN THE 3600 RPM GENERATOR LOSS CURVE.

GE 1C COMPANY, » v 281 HB%
NERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK Aa] 4 4

IP701 0047
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NOTES FOR EXPANSION LINES"

NOTE:

1., A HIGH PRESSURE TURBINE EXPANSION LINE FOR AN INTERMEDIATE
FLOW SHOULD BE DRAWN PARALLEL TO THE EXPANSION LINES THROUGH
THE HIGH PRESSURE TURBINE EXPANSION LINE END POINT AND FIRST
STAGE ENTHALPY,

2. A REHEAT TURBINE EXPANSION LINE FOR AN INTERMEDIATE FLOW
SHOULD BE DRAWN WITH THE SAME SHAPE AS THE REHEAT EXPANSION
LINES THROUGH THE REHEAT EXPANSION LINE END POINT AT 1.5"HG, ABS.
EXHAUST PRESSURE, THIS EXPANSION LINE IS TO BE USED ¥FOR THAT
FLOW AT ALL EXHAUST PRESSURES,

3. THE INITIAL PRESSURE OF THE REHEAT TURBINE EXPANSION LINE
1S 2% LESS THAN THE PRESSURE AHEAD OF THE INTERCEPT VALVE,

4, THE INITIAL ENTHALPY OF THE REHEAT TURBINE EXPANSION LINE
IS THE ENTHALPY AT INTERCEPT VALVE PRESSURE AND HOT REHEAT
TEMPERATURE, WHEN THE FIRST STAGE PACKING LEAKAGE MIXES
WITH THE STEAM FROM THE REHEATER AT INTERCEPT VALVE PRES~
SURE AND HOT REHEAT TEMPERATURE, THE INITIAL ENTHALPY OF
THE REHEAT EXPANSION LINE IS THE MIXED ENTHALPY.

5. THESE EXPANSION LINES ARE FOR HEAT BALANCE CALCULATIONS
IN WHICH GLAND LEAKAGE STEAM IS USED IN THE FEEDWATER HEATING

 CYCLE.

6. TO OBTAIN THE ENTHALPY OF THE STEAM ENTERING THE CONDENSER ‘

‘READ THE REHEAT EXPANSION LINE END POINT CURVE (@1.5"HG. ABS, ),

CORRECT FOR EXHAUST PRESSURE USING GEZ-3589, AND CORRECT FOR -
EXHAUST LOSS USING THE EXHAUST LOSS CURVE,

GENERAL ELECTRIC COMPANY .
SCHENECTADY, NEW YORK . 371 HA 416
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HIGH PRESSURE TURBINE INTERNAL EFFICIENCY
820000 KW 1.66/2.24/2.99 IN HG ABS. 1.0 PCT MU

JCBF 30,0 IN L35 | 3600° APM

2400 PSIG_1000. /1000.

E

90.00

THIS CURVE IS ON A VALVE BEST POINT BRSIS

TFR = (THROTTLE FLOW AT ANY STEAM

80.00

CONDITIONS) /(VALVES WIDE OPEN THROTTLE

FLOW AT SAME STEAM CONDITIONS)

APPLY THE EFFICIENCY FROM THIS CURVE 710

Bas THE AVAILABLE ENERGY FROM THE TURBINE STOP

VALVES TO THE HIGH PRESSURE TURBINE EXHAUST

75.00

BREAK IN CURVE 1S5 FIRST ADMISSION POINT.

.5 THROTTLING CONTROL OCCURS AT ALL LOWER

THROTTLE FLOW RATIOS

FOR OFF- HRTED STEAM CONDITIONS USE EQUIVA-

LENT TFR HWHER!

70.00

85.00

: EQUIV TFHMLQEES?RTEP E%?H‘J ;3 %?TE%

§0.00

HI%?GSHESSUHE TURBINE INTERNAL EFFICIENCY-PERCENT

50.00

.10

GENERAL ELECTRIC COMPANY. SCHENECTARDY, NEW YORK

.20

.70 .80 .80 i.00

11/%0 /81 LY. /dé;u7 452 HB 832

30 .40 .50 .60
- THROTTLE FLOW RATIO (TFR)
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HIGH PRESSURElTURBlNE EXPANSION LINE END POINTS

820000 KA 1.66/2.24/2.99 IN HG ABS. 1.0 PCT MU
TC6F 30.0 IN LSB 3600 RPM
3 2400 PSIG 1000./1000. T
",
S .
o THIS CURVE ASSUMES A PRESSURE DRQOP OF 10.00 PERCENT
o FROM HIGH PRESSURE TURBINE EXHRUST TO INTERCEPT
= VALVE. THESE HIGH PRESSURE EXPANSION LINE END
= POINTS CANNOT BE USED FOR OTHER PRESSURE DROPS
o THIS CURVE IS ONLY GOOD FOR STEAM CONDITIONS OF 2400/1000/1000. FOR
o VARIABLE THROTTLE CONDITIONS, FIRST ENTER CURVE 452 HB 892 TO DETERMINE
= HP TURBINE INTERNAL EFFICIENCY.
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~ REHEAT EXPANSION LINE END POINTS AT 1.5 IN.HG.ABS.

568 8H ZSh 820000 KW 1.66/2.24/2.99 IN HG ABS. 1.0 PCT MU
: TC6F 30.0 IN LSB 3600 RPM
2400 PSIG 1000./1000. T
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55 : ; : STEAM IS USED IN THE FEEDWRTER HERTING CYCLE.
= ‘ - -
.- TTEETTTTT 10 OBTRIN THE ENTHALPY OF THE STEBM ENTERING
= THE CONDENSER RERD THE CURVE AT 1.5 IN.HG ABS.
L . AND CORRECT TO THE DESIRED EXHRUST PRESSURE
uz.;g +-1 USING CURVE GEZ-358Y9, AND CORRECT FOR EXHAUST
=d . . LSS USING CURVE 476 HB 902 o
-8 THIS CURVE 1S5 GOOD ONLY FOR REHEAT TEWPERATURES OF 1000°F. FOR
z" OTHER TEMPERATURES, USE CURVE 452 HB 893.
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INITIAL PRESSURE CORRECTION FACTORS

@ FOR SINGLE REHEAT UNITS
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METHOD OF USING CURVES

These comrection factors sssume constant controf valve

spening and are to be applied o heat rates and kilowstt
loads at rated steam conditions,

1. The heat rate at the dasired conditlon can be found by
muitiplying the heat rate at rated conditions by the
following:

1+ % change in gross heat rate
100
2. The kilowatt load at the desired conditions can he
Ruted Load found by multiplying the kilowatt load et rated con-
ditions by the following:
% load - 97, thange In lw load
Vs Lowd 100
3. These corection factors are not guarantesd.
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INITIAL TEMPERATURE CORRECTION FACTORS

FOR SINGLE REHEAT —SUBCRITICAL PRESSURE UNITS
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METHOD OF USING CURVES

These correction factors assume constant control valve
opening and are to be applied to heat rates and kilowatt
nads at rated steam conditions.

é

1. The heat rate at the desired condition can be found by

muitiplving the heat rate at rated conditions by the
following:

1+ % change in gross heat rale
100

2. The kliowatt lpad at the desired conditions can be
found by multiplying the kilowatt load et rated con-
ditlons by the following:

%, change in hw load

L 160

3. These correction factors are not guaranteed,
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REHEAT TEMPERATURE CORRECTION FACTORS
@ FOR SINGLE REHEAT UNITS
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2 opening and are to be applied to heat rates and kilowatt
) ’ loads at rated steam conditions.
@ 1. The heat rate 2t the desired condition can be found by
multiplying the heat rate at rated conditions by the
following:

1+ % change in gross heat rate
100

2. The kilowatt load at the desired conditions can be
found by multiplying the Wiowatt load et rated con-
ditions by the following:

% chaﬁge in kw load
v 100

3. These correction factors are not guarantesd.
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REHEATER PRESSURE DROP CORRECTION FACTORS
@ FOR SINGLE REHEAT UNITS

[ % CHANGE IN KILOWATT LOAD |
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e e e e
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METHOD OF USING CURVES

These correction factors assume constant control valve
opening and are to be applied to heat rates and kilowatt
loads at rated steam conditions,

1. The heat rate at the desired condition can be found by
multiplying the heat rate at rated conditions by the

C. following:
] change in gross heat rate

14+ % &

2. The kilowatt load at the desired conditions can be
found by multiplying the kilowatt load st rated con-
ditions by the following:

9, change In kw load
1+ 100

3. These comection factors are not guarantesd,
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6 [ e o e = Va Lead
e Sang me >
. - e ra ¥ Load
A I S s
s — e ~rob= Rated Lead
et A
. A
4 : e
( : /,[ ,’,'11 =
{ % Increase) 3 ~ ‘:1,’: Z
e - 1,:' 7‘5{
2 LA
L7
— -y
- e
: Z
1 .
-5%, %
1+ + - s . ~F ‘
= == f| % CHANGE IN INITIAL PRESSURE ~°7° -
- 1
. . e e : . METHOD OF USING CURVES
— = : T s
— e e g = 2 Thase comection fsctars sssums constant centrol valve
o S ¥ - ; . opening and are 1o be applied to heat rates and kilowatt
- A7 ipads at rated steam conditions,
& .. v
Vv AV 4 "
—ZErt 3 {% Decremse) 1. The heat rate at the desired conditlon can be found by
e S iy v o muitiplying the heat rate at rated conditions by the
" - - foliowdag
- i i’ o8 P — o -
o : 4 1+ % changs in gross heat rate
e s ey s S e ey ' : 08
,é’ T e e e e e e e 2 '{bs dmaowm m:oad at gcudesirud conditions cam be _
o : ' R —— ) aund by multiplylng ¢ lowatt load st rated coam-
Rerwd Lowa 2 : e e ditfons by the foligwing:
M e | 1 o To.chungs i w ead
¥ Lead b o - S e 100
C - [% CHANGE IN HEAT RATE |
: 2
Y% Lead ;:ﬁ.} . t (% Pooeer)
% fpeon - 0 -
Rated Load G _‘____s,": ey —
i e e op— B e — n - +5%
- PSRPPRNY SU—— &
-89 6% e Lo s Eated Load
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W ~- =
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Rated Load |-~

INITIAL TEMPERATURE CORRECTION FACTORS
FOR SINGLE REHEAT —SUBCRITICAL PRESSURE UNITS

| 7% CHANGE IN KILOWATT LOAD]

t {7 Increcse)

+50°

- 50°

Rated Load

Ya Lead

CHANGE 1N INITIAL TEMPERATURE (°F)

{ % Decrease)

.

R

© s e

i S g s Vond

T

".E-h-.‘h Load

¥a Leed

METHOD OF USING CURVES

Thess corvection factors assume constant control valve

opening and are to be applisd to hest rates and Rilowstt
leads at rated steam conditions.

. The heai rate at the desired condition can be found by

multiplying the heat rate at rated conditions by the

following:

o .
14+ 2 change in gross heal rale

100

. The kilowatt load at the desired conditions can be

found by muitiplying the kilowatt load et rated con-

ditions by the following:

_% change In hw load
1+ 100

| % CHANGE IN HEAT RATE |

- 5O

CHAMNGE IN

(%, Better)

‘ . - »

{% Poareér)

INITIAL TEMPERATURE (°F) - —!

Eated Load
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REHEAT TEMPERATURE CORRECTION FACTORS
FOR SINGLE REHEAT UNITS

| % CHANGE IN KILOWATT LOAD]

S ISR TS EUEN SRR EEENE R EERE R DR B
R I e e A S R M A R
N ANETEES DESEE SHESS BN /1/ V2 Load
l b ! IS S AR T /“"““-“‘
{ % increase) - f‘j
¢ s
HEDS : -
—— -
- 56°% : L . m
[ SRS S DU SERE SSSEE SN . .
R AT DT TR S gy videg Vs N -+ 509
: R S -~ +-.1) CHANGE IN REHEAT TEMPERATURE (°F)
- ; ’ T Py
Lo / | R N (% Decrease)
;'//" HE. o ’ L . :
u..;at?:%’//‘ e Eope g METHOD OF USING CURVES
L ! H * :
Va Load [ IR N R HRES ii .
- i LIRS These correction factors assume constant control vale
3 opening and are to be applied to heat rates and hilowat
. isads at rated sisam conditions.
( . 1. The heat rate at the desired condition can be found b
. multiplying the heat rate at rated conditions by th
fallowing:
., % change in gioss heat rate
R
160
2. The kilowstt load 3t the desired conditions can b
. found by muitiplying the kilowatt lsad at rated con
wh ' ditlons by the following:
7% change in kw load
L 100
: [ % CHANGE IN HEAT RATE |

Va Lead
i Lead
Rated Load

S

+50°

- s0° R S | ”
CHANGE N REHEAT TEMPERATURE (°F) -—~—r—t - P s = v :
: i ; . o \:_'_“:__: Rated Lead
: . v . < Ve Load
(% Better) . 1 ~=———= ; T TSl leed
. NI IR o
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i REHEAT TEMPERATURE CORRECTION FACTORS
CL FOR SINGLE REHEAT UNITS

| % CHANGE IN KILOWATT-LOAD]

3

e : - : : : Vs Lond
- : ; et e Lood
. ] S S — f— ;’/‘{f‘ R:ud Lead
{9 Increase) — -
C jEsT=- ===
- 50¢ R L P i Tt o —
PR SR Sy T G e IAeg I
— ege st = Cq e 4509
g Sepoient :_“:r»_: . et S g CHANGE N REHEAY TEMPERATURE 'F)
s Sbd Senie acbecerd B
e B e SN {% Decreasa) =
e 2 i e p—— 2
/‘/’ s ' METHOD OF USING CURVES
A ) e ] ; e S :
e e = Thess corraction factors assume constant controf valve
3 opening and are to be applied to heat rates and kitowalt
. loade at rated steam conditions.
- §. The hest rate 4t the desied coadition can be found by
. ) o muitiplying the heat rate at rated conditions by the

fotlgwing:

1+ 7 change in gross heat rale
' 106

2. The kilowatt laad at the dssirsd conditions can be
found by muitipiying the kilowatt load at rated com-
ditions by the following:

@, change in kw load
T+ 100

3. These correction factors are nol guarantesd.

| % CHANGE IN HEAT RATE |

R ST N TIEY BN T SRR EEEY: SR

)
CHANGE N REMEAT TEMPERATURE (°F}

e Roled Load
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REHEATER PRESSURE DROP CORRECTION FACTORS

FOR SINGLE REHEAT UNITS

| % CHANGE IN KILOWATT LOAD]

T 2

Rated Load P
& Y, Leads ™

Ya

1 {% Increase)

BT N S,
-y |3 ey Lt o]

% REHEATER PRESSURE DROP

@

{ % Decrease) 1

Y% & Y% loads

Roted Lowd

METHOD OF USING CURVES

These corsction factors assume constant control valve
opening and are to he applied to heat rates and kilowatl
Isads at rated steam conditions.

1. The heat rate at the Jesired condition can be found by
muitiplying the heat rate a rated conditions by the
follewing:

1+ % change in gross heat rate
100

2. The kilowatt lsad at the desired conditions caa be
feund by multiplying the kilowatt load et rated con-
ditions by the foliowing:

% change in kw lnad
T+ T

@
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8=75 (2500
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RATING

820,000 KW

1.66/2.24/2.99 __ IN. HGA,, _ 1 9% MAKEUP
2400 __PSIG; 1000 ___F/__1Q00 F

— TCoF-30 IN_LSB 3600

RPM

EXPANSION LINE

| LOAD

INwg

243

849906

—

748305

550000

3urd

4 VP

380000

THROTTLE FLOW-LBS/HR |

6256642

5318146

3766858

2647158

| RHT.TB.FLOW LSB/HR

5042128

4346478

3158360

_HP_TB EXH PRESS.PSIA

575.1

436.6

361.9

HP TB ELEP BTU/LB

1308.9

990.9

1298.5
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2267408 |

1286.2 _

999.1]
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1016.6 |
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METHOD OF USING CURVE
FLOWS NERR CURVES ARE THROTTLE FLOWS RT 2400 PSIG 1000 F
THESE CORRECTION FACTORS ASSUME CONSTANT CONTROL VALVE OPENING
APPLY CORRECTIGNS T@ HERAT RATES AND KW LOADS
AT 1.66/2.24/2.99 IN. HG RBS.

THE PERCENT CHANGE IN KW LORD FOR VARIOUS EXHAUST PRESSURES IS EQUAL TO
(MINUS PCT INCRERSE IN HERT RATE)100/(100 + PCT INCREASE IN HERT RATE)

THESE CORRECTION FRCTORS ARE NOT GURRANTEED
PRESSURES RLONG RBSCISSA ARE PRESSURES IN HOOD A

( PRESSURE (IN.HG.ABS) FOR HOOD A HOCO B HOOD €
o .50 .34 .43
1.00 ¥ ]! .50
1.50 1.09 .78 ‘
2.00 1.47 1.07 : E
2.50 1.85 1.36
3.00 2.4 1.66
3.50 2.63 1.96
4.00 3.03 . 2.27
: : 4.50 3.42 2.58
. & © s.00 3.82 2.89"
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820,000 KW TC 6 F - 30” LSB
1,66/2,24/2.99" HeA 1.0% M.U,
2400 PSIG  1000°F/1000°F

GOVERNING STAGE PITCH DIAMETER - 39”
PRESSURE DROPS - PSIA

isT

VALVE

POINT

THROTTLE VALVES 72.4

CoMBINED REHEAT VALVES 6.5

B1-5 (M)

2ND 3RD
VALVE VALVE
POINT POINT
72.4 72.4

8.9 10.3
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_POINTS AT A FLOM CORRECTED FOR

820,000
1.66/2.24/2.99 IN. HGA., 1% MAKEUP
2400 PSIG; TOOOF/100OF
TC6F-30IN LS8 3600 RPH

LOSSES

TO DETERMINE THE LEAKAGE FLOW IN #/HR., MULTIPLY THE FOLLOWING PACKING CONSTANTS BY THE VP/V {AHEAD OF THE
LEAKAGE). THE LEAKAGE THROUGH THE FIRST PACKING IN A SERIES WRLL SE THE SUM OF THE FLOWS TO THE PACKING

LEAKDFFS FOLLOWING IT.
REFER TO HEAT BALANCE DIAGRAM 477HBIE7 FOR IDENTIFICATION OF LEAKAGES.

LEAKAGE NO. : 3 455 5 687 7 B 3

PACKING CONSTANT 56 50 540 500 800 580 980 550 550

WHEN EXPANSION LINES FROM 478HDT67 ARE USED IN HEAT BALAHCE -CALCULATIONS, THE LEAKAGES SHOWN OM THIS SHEET
MUST BE USED IN THE FEEDMATER HEATING CYCLE.

THE 1st AND 2nd LEAKAGES CAN BE DETERMINED BY SUBTRACTING THE 2nd LEAKAGE FROM THE SUM OF BOTH LEAKAGES
AND THE PRESSURE AHEAD OF THE 2nd LEAKAGE IS THE EXTRACTION STAGE PRESSURE TO WHICH THE 1st OF THE 2
LEAKAGES COMNECTS INTO.

USE THROTTLE ENTHALPY FOR LEAKAGES 1 AND 2.

USE HMIGH PRESSURE TURBINE EXHAUST ENTHALPY FOR LEAKAGES 4,5.6, and 7.

EMTHALPY FOR LEAKAGE 8 and 9 CAN BE DETERMINED FROM TURBINE EXPANSION LINES ON 478HDIGT

AT CROSSOVER PRESSURE ON 473HB168.

7800 LB/HR ARE REQUIRED BY THE STEAM SEALS. WHEN LEAKAGES 2.5,7.8 AND 9 COMBINED ARE LESS
THAN 7800 LB/HR, THROTTLE STEAM MUST BE USED.

{STEAM SEAL FLOW TO STEAM PACKING EXHAUSTER IS 4200 LB/HR AT ALL LDADS.)
TO DETERMINE THE FIRST STAGE ENTHALPY AND PRESSURE USED TO CALCULATE LEAKAGE NO. 3, USE THE FOLLOWING TABLE:
THROTTLE FLOW 6256642 5958707 » 5318146 3766858 2647158

5T STAGE ENTHALPY

BTU/LB : 1435.8 1430.4 1418.% 1400.5 1400.0

1st STAGE SHELL
PRESSURE PSIA 1887 1788 1583 1104 176

THROTTLE FLOW RATIO AT FIRST ADMISSION = 0.60.
FIRST STAGE PIT(H DIAMETER = 39 -

FOR OTHER THAW RATED INITIAL TEHPERATURE, READ THE FIRST STAGE SHELL PRESSURE CURVE DRAMN THROUGH THESE
TERITE WHERE v IS IRITIAL SPECIFIC VOLUME CU. FT/LB.

TURBINE GEMERATOR MECHANICAL LOSSES:
1. 5707 K FIXED LOSSES ARE NOT INCLUDED IN THE 3600 RPM GENERATOR

LOSS CURVE.
GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y. l‘(iz!:'l’.s‘}(ann
70170

Lo~

e
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T,

| TORSIONAL SPRING MASS MODEL FOR INTERMOUNTAIN POWER PROJECT

LS-1370
52-30
Rotor NRZ Spring Constant
(Lb=Ft") (Million In-LB/Radian)
- HP 313786
540
DFRHT 54237
835
LPA 1886501
| 1290
LPB 187932
1478
LPC 192191
1350
GEN 295391
NORMALIZED MODE SHAPE
Mode " Freq. _ Mass Location
Shape {Hz) HP QFRHT LPA LPB LPC GEN
#1 13.8 1.00f 0.84 0.58 0.18 -0.23 -0.59
#2 24.2 1.00f{ 0.50 -0.10 -0.37 -0.20 0.23
#3 31.8 1.00f 0.14 -0.55 0.18 0.48 -0.21
#4 41.1 0.64) -0.28 -0.42 1.00 -0.91 g.21
#5 50.0 | 0.87] -1.00 0.19 | -0.07 | o0.02 | 0.00

IP7010094
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NORMALIZED OISFPLACEMENTS

""1. 00 0:

INTERMOUNTAIN POWER PROJECT

Ls-1370 .
$2-30

s NAT FREQ= 13. 76 23

. 040 2. 20 8. 00 Qo 5. 00 . 00 7. Ot
4 3 4L i - -

Q

3

Q

° \\.

o |

?_

S NAT FREG= Z4. 1.5 - H.

g_'..>:m.af oo 4.00 5,00 €500 7.0

S NAT FREQ= 31. 78 H.

oo «00 3, 00 ms;aa 7. Qi
\\y//’ o »

NODE NUMBER
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INTERMOUNTAIN POWER PROJECT
LS-1370

$2-30
S NAT FRE@= _ 41.05 H.
‘3’.}8‘\ 2,00 3.0 4, 0 s.00 &Yoo 7.0
Q
: S/
3
8 NAT FREQ@= 50.14  H.
gen 4,00 5,00 6,00 700
V4 e -

NORMALIZED DISPLACEMENTS
OO0 i
1=
LV
a

B 8 B e

. ® B mwm,  clemm, SR e, PR, Jo— pra— . .
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R.L. Qdmwka &

{

PP TURRBINE (CRoSS SECTION

i

,‘OMENCLATURE .
. i

STANDARD ¢ CAP, TB. END 4i. ATMOSPHERIC RELIEF DIAPHR’AG

I
2. BEARING, JOURNAL, T-1| 42, NOZZLE, LP, DOUBLE FLOW
3. OIL DEFLECTOR, T-1, GEN. END 43. STEAM PACKING, N-6 §
4., EXHAUST, HP TO REHEAT 44. OIL DEFLECTOR, T-6, TB.,END
S. STEAM PACKING, N-| 45. BEARING, JOURNAL, T-6 12
6. NOZZLE DIAPHRAGM, HP 46. TUNNEL ASSEMBLY, A/B HOOD
7. BUCKET BLADES, HP 47. INNER CASING, LP "A™ 3§
8. SHELL, HP INNER 48. COQUPLING GUARD “C"
9. SHELL, HP OUTER 49. ROTOR, LP "B"
i0. MID-SPAN BALANCE ACCESS SO. EXHAUST HOOCD "B~
I, STEAM INLET, HP S1. BEARING, JOURNAL, T-7 1
12. NDOZZLE, FIRST STAGE, HP S2. OIL DEFLECTOR, T-7, GEN, END
13. STEAM PACKING, N-2 S3. STEAM PACKING, N-7
t4. OIL DEFLECTOR, T-2 TB. END S4. STEAM PACKING, N-8
IS. BEARING, JOURNAL, T-2 55. OIL DEFLECTOR, T-8, TB.IEND
6. ROTOR, HP 56. BEARING, JOURNAL, T-8 3 ’
7. COUPLING GUARD "A" S7. TUNNEL ASSEMBLY, B/C HQOD
I8. ROTOR, REHEAT 8. TUNNEL ASSEMBLY, C HOOD/
19. THRUST BEARING WEAR DETECTOR , TURNING GEAR STANDARD
20. THRUST BEARING S9. COUPLING GUARD "D"
2. BEARING, JOURNAL, T-3 ' 0. ROTOR, LP “C"
22. OIL DEFLECTOR, T-3 GEN. END 61. EXHAUST HOOD "C" , -
. STEAM PACKING, N-3 62. BEARING, JOURNAL, T-9
. SHELL, REHEAT, INNER 22, T8. END 63. OIL DEFLECTOR, T-9, GEN. END
. . CROSSOVER CONNECTION &Y. STEAM PACKING, N-9 ‘.
26. SHELL, REHEAT, INNER #1, TB. END 65. STEAM PACKING, N-10 y
27. NOZZLE, REHEAT, DOUBLE FLOW 66. OIL DEFLECTOR, T-10, TB. END
28. SHELL, REHEAT, INNER #1, GEN. END 67. BEARING, JOURNAL, T-10
29. STEAM INLET, REHEAT 68. EXHAUST HOOD ANCHOR
30. SHELL, REHEAT, QUTER 659. OIL DEFLECTOR, TURNING GEAR
31. SHELL, REHEAT, INNER #2, GEN. END STANDARD, GEN. END i
32. STEAM PACKING, N-u 70. TURNING GEAR i
33. OIL DEFLECTOR, T-4, TB. END 71. COUPLING GUARD "E" -
34. BEARING, JOURNAL, T-y , 72. SHELL EXTRACTION, 2ND STAGE,
35. COUPLING GUARD "B" COOLING STEAM
36. ROTOR, LP "A" 73. GENERATOR FIELD ;
37. EXHAUST HOOD "A™ 74. EXHAUST TO CONDENSER '
38. BEARING, JOURNAL, T-5 : 75. SHELL EXTRACTION, 4TH STAGE
39. OIL DEFLECTOR, T-5, GEN. END 76. STANDARD ¢ CAP, &2 :

i

4O. STEAM PACKING, N-5 | :
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| NOTZLE ®oX RLR

&
0
y
sTaup 0" STAMP K
¥4 : ‘
% . 1
NOZZLE BOX : -
/ %
4'. . o

'$ECTION "D-3 ¢+

e

FiTTiNG OF WpLD DOWE SE

BOLT Ta BE ACCOMPLISHED -
- Br REMIVAL OF MATERIAL

Fhem FHie SuRFACE 0F BOLT,

tE NECESSARY,

VIEW THRU ¢ NLETS LOOKING 1N DIRECTION
OF 2MD STASE BUCKETS

R -
T, (EASRCE O " o

ECTION M2 "
B3, WT} .

Soi; Dwg. 83
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HP TURBINE RLR

FOR MAIN STEAM INLET EXP JO
SEE B3I9E606 (ASM NOZ. BOX ¢

, !
|
] 2 3 5 =) 7 =] g o 12 7

13 14 15

75 72 L

U"""‘De‘af — ‘
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o LPC. TuRBINE tooD RLR
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Nomenclature

1 Assembly
2 Assembly
3 Assembly
4 Assembly
§ Valve Casing
o 8 Valve Casing
IR 7 Vaive Casing
: 8 Valve Casing
@ Upper Head
10 Stud
11 Nut
12 Collar
13 Dowsel
14 Strainer
15 Pin
186 Valve Seat
17 Antl Lean Ring
18 Bolt
. 19 Gasket
20 Gasket
21 Vaive
23 Valve Cap
24 Bolt
25 Bypass Valve
28 Bushing
27 Keep Ring
28 Valve Stem
29 Valve Pin
30 Pressure Head
31 Seal Ring

PP TURRBINE

32 Bushing inner

33 Bushing Outer

34 Gasket

35 Bushing

38 Spring Housing Assembly
37 Collar

38 Bolt

39 Lock Plate

40 Pipe Assembly
41 Paint Instructions
42 Hydro Seat

43 Assembly Notes
44 Blowdown Cover
45 Screw

48 Key

47 Electrohydraulic Control Pack
48 Nut

49 Stud

50 Pipe Plug

E2 Ship Fixture

83 Gasket ’

B4 Split Collar

85 Backing Plate

86 Screw

57 Name Plate

88 Drive Screw

59 Name Plate

80 Lock Washer

200 Power Actuator

VALVE S

£ DUTER
THERM
¥

» D=
e fe g
& Or

€ INNER
THERMUCO

R

§ OUTERWALL
-~ THERMOCGUPLE

G INNERWALL

THERMOCOUPL,

DasM. s.v.2

BOLT TORQUE REGUIREMENTS wm A

ALL BOLT, STUD, NUT TAPPED HOL
THREADS AND BEARING SURFACES HU’ST
8E CLEANEDE:ND LUBRICATED.

LEBE?CATA?YS 723%1 FOR APPROVED )
PT, SIZE FT.-LB'S. OF TORGQUE
8 1.0G0" -8 190
24 L2%50" -8 w0
38 L280"-8 410

NOTE: THE SPECIFIED TORGUE MUST
BE REACHED [N AT LEAST TWD PASSES
AND SEQUENTIALLY TIGHTENED,

NOTE 1I-% A

G
(143

tE
17 /

P

—_‘—m/la

13FT-9IN 70
‘BOTTOM CYL.
{APPROX.)

1

o\

\

I-0.1

WOTE I-D.7C-20
HOTE

@PAINTING ‘stﬁucfl
e
Ewrora. sear FIGHTR
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MNomenclature

- 4 Assembly
. 2 Control Valve
3 Assembly
§ Seat
8 Pin
7 Stand Lower
. 8 Stand Upper
ST g Stud
=T 10 Nut
i 11 Gasket
12 Balance Sleeve
13 Pin
14 Bushing Inner
15 Bushing Outer
18 Valve
= 17 Screw
‘18 Valve

.. 21 Retainer

.. 22 Bolt

23 Lock Plats
24 Dowel

25 Bolt

28 Lock Plate
27 Crosshead
28 Pin

29 Guide

30 Lever Lower
31 Bushing

42 Spring Seat
33 Spring Inner
34 Spring Outer
45 Pull Down Plug
36 Pull Down Bolt
37 Pivot Brackst
38 Shim

33 Bolt

40 Lock Plate
41 Dowal

42 Dowel

43 Stud

44 Nut

45 Stud
48 Nut

47 Lever Upper

48 Link

49 Pin

80 Pin

51 Pin

52 Bushing

83 Thrust Ring

84 Antl Rotation Bar
‘85 Screw

86 Lock Plate

§7 Anti Rotation Bar
§8 Carbon Bushing

858 Thrust Washer

© 60 Cover

81 Screw
62 Bushing
63 Shaft
64 Spacer .
85 Bar
66 Bolt
87 Bar
68 Bolt
69 Nut
70 Tenslon Fod Assembly
71 Push Rod
72 Bushing
73 Bracket
74 Bolt
75 Lock Plate
-78 Grease Fitting
77 Bushing
78 Pin
78 Pin
81 Lock Plate
g2 Bolt
B3 Lock Washer
84 Bushing
100 Preservation Procedure
101 Hydro Test
200 Power Actuator
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. PP ENERATOR RLR

‘:j NOMENCLATURE

= enerator rotor

Hydrogen feed pipe

1

2 - 011 deflector (outside) 35 - Fan nozzle

3 - Generator bearing (turbine end) 36 - Fan blade

4 - Bearing ring - 37 = Bearing ring insulation

5 = Bearing cap 38 - 011 deflector insulation (outside) N

6 - Hydrogen seal (turbine end) 39 - Brush-holder rigging

B, 7 - 011 deflector (inside) 40 - Collector fan .

8 - Quter end shield (turbine end) 41 - Brush holder .

9 = Fan nozzle shield 42 Collector . T~
10 = Flexible water comnection 43 - Steady bearing ’ ’
11 - Header, stator cooling 44 - Spring bar
12 = Bushing 45 Cooler clamp gasket \\\\\
13 - "P* winding comnections to reactor 46 - Rib (key bar)

14 ~ Reactor 47 - Hydrogen cooler

15 - Reactor neutral comnections
16 - Reactor base plate

Generator lagging
Stator frame foot

17 = Excitation transformer 50 ~ Generator foundation plate
18 - Transformer base plate 51 - Cooler clamp
19 =~ Internal current transformers 52 - Water inlet and outlet connections

20 - Generator neutral lead

21 -~ Rib nut

22 -~ Stator connection support
23 ~ Inside space blocks

24 - Stator punchings

25 =« Stator frame flanges

26 -~ Qutside space blocks

27 - Gap entrance baffle

28 - Facing, stator frame flange
29 - End winding support

30 - Btator winding bar

31 - 011 deflector insulation (ingide)

Vent tube

Frame extension, lowver -
Current transformer

High voltage bushing

Collector housing

Collector foundation plate
Standoff bushing

Terminal bushing (hydrogen side)
Terminal plate

Terminal bushing (air side)
Frame extensien (lower) access cover
Flexible connection

32 - Hydrogen seal insulation 65 -~ Stator winding phase comnection rings
33 - "P" winding connections to 66 - Alignment key
transformers 67 ~ Exciter cabinet -
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(~ENERATOR EAND R LR
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i

TABULATION OF MINIMUM HYDROGEN PRESSURES

AND

GENERATOR LOSSES FOR 63 PSIG DESIGN

Actual HZ Pressure

Point PSIG
VWO-OP 63
VYWO-NP 58
Rating 53
0.85 TFR 44
550 Mw 22

380 MW 10

- ATTACHMENT i3

Actual Generator Loss
Kilowatts

L.

TCAF=33.5 TC6F-30 TC6F-30/33.5

11937 11949 11958
11123 11127 11130
10563 10560 10558
9323 9303 9292
6562 6564 6565
4845 4849 4851
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TYPICAL SATURATION AND SYNCHRONOUS IMPEDANCE CURVI

EOR STEAM TURBINE-GEMERATOR UNIT
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TYPICAL REACTIVE CAPABILITY CURVES

FOR STEAM TURBINE-GEMERATOR UNIT
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TYPICAL FULL LOAD SATURATION CURVE
ARMATURE AMPS CONSTANT AT
FOR STEAM TURBINE-GENERATOR UNIT
. ATB 2 POLE, 983,40CKvA,3600 rRPM, 26000 vOLTS
Q 0.90QPF..058SCR, A3PSIG_ HYDROGEN PRESSURE , 590VOLTS EXCITATION
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